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HYPOGLYCEMIA
CHARLES W O L F , M.D.*

Hypoglycemia, a state often suspected clinically, but one which must be proved
chemically, is a potentially serious condition and may pose a threat to life or
cerebral function. The purpose of this paper is to review the clinical features suggesting
hypoglycemia, the etiologic factors, mechanisms of pathogenesis and the differential
diagnosis. Non-specific diagnosis is not difficult and is provided by a low blood sugar
value. Specific diagnosis, however, is vital in order to institute rational management.
In taking the history particular care must be taken in establishing the relationship of
symptoms to time of day, meals, exercise, emotional upsets and environmental changes.
Symptoms may have presented with suddenness or may have been insidious in onset.
There is frequently an episodic occurrence of severe or mild symptoms. Convulsions
and loss of consciousness is common. Profound personality changes can occur.'
Manifestations of the hypoglycemic state may include any of the following: weakness,
excessive fatigue, nervousness, anxiety, palpitations, tremors, sweating, nausea, syncope,
numbness of the face, epigastric pain, tachycardia, faintness, headaches, hunger, stupor,
drowsiness, pallor, restlessness, chilliness and flushing. The patient is often obese
because he has learned food will relieve the distressing symptoms. With prolonged
hypoglycemia irritability and confusion may result. Aphasia, diplopia, nystagmus,
mania, amnesia, Babinski's sign, disorientation, twitching, convulsions without localization and eventual death may ensue.' Often the symptoms are primarily those of
adrenergic activity. They may, however, be primarily symptoms of derangement of
the central nervous system. The explanation proposed for the former is that hypoglycemia is a stimulus for the release of epinephrine which provokes hepatic glycogenolysis. When there is a rapid fall in blood sugar, symptoms are usually those of
adrenergic activity. Glucose constitutes the principal source of energy for the brain.
Thus a slow decline in blood sugar is apt to produce cerebral symptoms which, with
prolonged hypoglycemia, may present quite a bizarre picture.' Nocturnal hypoglycemia may be manifested only by difticu'ty in awakening. In McQuarrie's type of
hypoglycemia of infancy and childhood severe brain damage may occur due to
hypoglycemia. After a few years the hypoglycemic state usually disappears leaving
a brain damaged youngster of inapparent etiology. The diagnosis can seldom be
made unless it is made early in the disease.^ During attacks of hypoglycemia the
EEG may show a slow rate which increases upon the administration of glucose."
If hypoglycemia is suspected the degree must be found at the time of symptoms
and relief of attacks upon administration of intravenous glucose must be demonstrated to prove the diagnosis.' There is no sharp line of demarcation between normoglycemia and hypoglycemia but it is generally accepted that fasting levels below
50 milligrams percent, if consistently and repeatedly present, represent a significant
abberation in carbohydrate metabolism." Almost without exception, except in earhest
infancy, patients have symptoms with a blood sugar level less than 50 milligrams
percent." Often the diagnosis is missed and the symptoms are ascribed to various
other diseases. Fabrykant' has stressed the fact that there is not necessarily co-relation
between various symptoms and exact level of blood sugar since the brain reflects
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change in blood sugar levels as well as low blood sugar itself. Many persons suffering
from attacks of hypoglycemia are labelled psychoneurotics. The diagnosis of psychoneurosis depends on the establishment of positive evidences of neurotic personality
structure.'
An excellent classification of the hypoglycemic states is that of I . W. Conn.'
It is included here in revised form in the light of some more recent information on the
subject.
I.

Organic
A.

Hyperinsulinism:
1. Single pancreatic islet cell adenoma
2. Multiple pancreatic islet cell adenomata
3. Aberrant pancreatic islet cell adenoma
4. Pancreatic adenoma associated with other endocrine gland adenomata
5. Pancreatic islet cell "suspiciously mahgnant" adenoma (localized)
6. Pancreatic islet cell carcinoma with metastases
7. Generalized hypertrophy and hyperplasia of islet cells
8. Deficiency of islet alpha cells

B. Hepatic disease:
1. Toxic hepatitis
2. Ascending, infectious cholangiolitis
3. Diffuse carcinomatosis
4. Fatty degeneration
5. Glycogen storage disease of the liver
6. Laennec's cirrhosis
7. Infectious hepatitis
8. Chronic passive congestion
C. Anterior pituitary
hypofunction:
1. Destructive lesions; chromophobe tumors, cysts, etc.
2. Atrophy and degeneration, Simmond's Disease
3. Shirgical hypophysectomy
4. Pituitary myxedema
a. thyroid hypofunction secondary to pituitary failure
b. pituitary failure secondary to myxedema
5. Severe inanition
6. Post-operative hypoglycemia
D. Adrenal-cortical
hypofunction:
1. Idiopathic cortical atrophy
2. Destructive infectious granulomata
3. Destructive neoplasm
4. Congenital adrenal hyperplasia
E. Fibromata and sarcomata
F. Central nervous system lesions
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G. Primary thyroid disease
H.
I.
II.

Galactosemia
Malabsorption syndrome

Functional
A. Hyperinsulinism — imbalance of autonomic nervous system, "hypoglycemic
fatigue", nervous hypoglycemia, functional hypoglycemia, reactive hypoglycemia.
B. Alimentary hypoglycemia
ostomy)

(rapid intestinal absorption

C. Hyperinsulinism of infancy (Staub-Traugott

after gastro-enter-

phenomenon)

D. Idiopathic spontaneous hypoglycemia of infancy:
a. Leucine insensitive
b. Leucine sensitive
E. Renal glycosuria
F. Lactation
G. Severe continuous muscular work and starvation
III.

Factitious

Conn would exclude the concept of "relative hypoglycemia" which confuses
diagnosis and treatment. This concept is applied to patients with vague emotional
or gastrointestinal symptoms whose blood sugar levels either when symptomatic or
during glucose tolerance tests remain essentially normal. It is implied that such
individuals are unusually sensitive to minor depressions of blood sugar values. In
all patients with unequivocal symptom-producing hypoglycemia, blood sugar values
of less than 55 milhgrams perecent (Folin-Wu) or 40 milligrams percent (SomogyiNelson) can be demonstrated repeatedly. Spontaneous hypoglycemia and hyperinsulinism are not synonymous: the former is a generic term including all conditions
in which the blood sugar falls to abnormally low levels. Hyperinsulinism is used
when there is evidence of an absolute rise in insulin.'
I.

Organic
A. Hyperinsulinism:
About 400 cases of functioning islet cell tumors have been reported.' About
70 percent are benign; 10 percent are malignant with metastases; 20 percent
are microscopically malignant but without metastases. Diffuse hyperplasia
and hypertrophy is based on a normal diameter of 20-150yx. Islet cell
adenomata range from 0.1-15.0 cm. in diameter but most commonly range
from 0.5-2.0 cm. in diameter.' They are encapsulated, purplish and firmer
than pancreatic tissue, and may be found in the surface or deep within the
pancreas. They occur more often in the tail of the pancreas and 12 percent
of patients have multiple adenomata. They are occassionally extra-pancreatic,
usually in the stomach or in a Meckel's diverticulum. I f malignant, metastasis
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is first to the regional nodes, then to the liver. The mechanism of hypoglycemia is the autonomous production of insulin by the beta cell tumor.
Perhaps not a true hyperinsulinism but certainly a related condition would
be the cases reported by McQuarrie^ of deficiency of pancreatic alpha cells
leading to a relative excess of beta cells.
B. Hepatic:
Mellinkoff and Tumulty'" have emphasized the fact that hepatic hypoglycemia
is not uncommon. It occurs as a consequence of impaired glycogenesis,
glycogenolysis or gluconeogenesis and serves to emphasize the role of the
liver as an organ of homeostasis. In glycogen storage disease, of which
5 different types are now biochemically recognizeable", glycogenolysis is
impaired." In type I , glycogen storage disease of the liver and kidneys (von
Gierke's disease), there is very often hypoglycemia due to the enzymatic
defect resulting in a failure of glycogenolysis. In type I I I , diffuse glycogenosis
with hepatic cirrhosis, there is a defect in the debrancher enzyme but hypoglycemia has rarely been reported.
C. & D. Anterior pituitary and adrenal hypofunction:
Both conditions appear to produce hypoglycemia as a result of decreased
gluconeogenesis. The roles of somatotropin and the diabetogenic factors
are still nebulous. However, decreased ACTH due to pituitary deficiency
probably is the important cause here, although decreased thyroid function
may play a role. Adrenal cortical insufficiency produces a deficit in
gluconeogenesis. Adrenal masculinizing tumor can produce hypoglycemia —
probably by a deficiency of glucocorticoids due to the biosynthetic defect
which leads to the production of abnormal amounts of 17 keto-steroids.
E. Fibromata and sarcomata:
Silvis and Simon'^ found in a review of the literature 5 cases of organic
hyperinsulinism which clinically could not be differentiated from pancreatic
adenomata but which proved eventually to be due to fibromata, a spindle
cell sarcoma, other sarcomata and a peritoneal pseudomyxoma. They reported a case in which a benign pleural fibroma produced this type of
disturbance. Some of the above tumors were assayed for insuhn and none
was found. They proposed two theories to explain how such tumors might
produce the symptoms seen with functioning islet cell adenomata: 1) the
tumors might absorb a large amount of glucose, 2) the common denominator
of all 6 reported cases was displacement of viscera by the tumor, hence,
perhaps they produce a pressure effect in the pancreas.
F. Central nervous system lesions:
Tumors and other diseases involving the hypothalamus may be responsible
for hypoglycemia. Certain brain tumors have been reported as being associated with hypoglycemia.
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G. Hypothyroidism:
Cretins have long been known, upon occasion, to experience hypoglycemia'-'".
Also thyroid deficiency may be responsible for reduction of intestinal absorption of sugar probably because thyroxin influences the rate of absorption by regulating phosphorylation.'"
H.

Glactosemia:
The enzymatic inability to utilize galactose results in a
which brings about a depression of blood glucose."

I.

hypergalactosemia

Malabsorptive states:
Chronic diarrheas, such as the celiac syndrome, are at times a precipitating
cause of hypoglycemia (as in the case when starvation is superimposed)
but rarely a primary cause.'"

II.

Functional:
A. Hyperinsulinism:
Hyperinsulinism in the absence of an organic lesion has been thought to be
due to autonomic nervous system dysfunction. It has been suggested that
in some individuals a high blood sugar rapidly brings about increased insulin
production which causes a rapid fall in blood sugar level. This has been
called a psychosomatic disorder and functional hyperinsulinism is the most
common form of hypoglycemia.' Here there is abnormal response of
functionally hyperactive islands. Symptoms are usually attributable to the
effects of epinephrine which is released after the fall in blood sugar.
B. Alimentary hypoglycemia:
In alimentary hyperinsulinism there is a normal response to intense stimulation. It is to be differentiated from the "dumping syndrome" which occurs
sooner in the post prandial period and believed due to hyperosmolarity of
intestinal content.' Alimentary hyperinsulinism is second only to functional
hyperinsulinism in frequency. Rapid sugar absorption quickly produces a
high blood sugar level. Hypoglycemia is produced by much the same
mechanism as functional hyperinsulinism but here the stimulus abnormally
increased and the function of the islet cells normal. It is seen whenever
sugar can enter the small intestine rapidly in high concentration such as
after gastroenterostomy.
C. Hyperinsulinism of infancy (Staub-Traugott

phenomenon):

There is some evidence' that spontaneous hypoglycemia may occur in
children and adults as a result of over stimulation of normal beta cells by
frequent and excessive ingestion of carbohydrate.
D. Idiopathic spontaneous hypoglycemia of infancy:
This entity is discussed later, however, this is to be separated from the
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cases McQuarrie and his associates" have recently described in which they
presented 3 cases of spontaneous hypoglycemia in infancy which were thought
due to glucagon deficiency. A l l occurred in one family and each of the
children began having symptoms, including convulsions, during the first
year of life. When partial pancreatectomy was performed it was found that
the islets were devoid or nearly devoid of alpha cells (vide supra).
E. Renal glycosuria:
This will be discussed later. True renal glycosuria can produce hypoglycemia
as it occurs in the fasting state, progressively lowering the blood sugar.''
F. & G. Lactation, severe continuous musclar work and starvation:
Lactation and severe continuous musclar work may cause hypoglycemia by
progressively lowering blood sugar and possibly by diminution of glycogen
stores. Fabrykant et al" feel unusual sensitivity to insulin may develop as
a result of inanition. This was observed in diabetics treated with starvation
diets and was ascribed to glycogen deficiency. In a case described by
loslin a reaction followed the administration of 1 unit of insulin. Starvation
may be a common cause of hypoglycemia in infants and children."-'" It is
frequently found in the first few days of life and in babies prematurely bom
but the hypoglycemia in early infancy is very rarely associated with symptoms." This is noteworthy in the case of the baby of the diabetic mother
who is often profoundly hypoglycemic but rarely is symptomatic on that
basis. Adrenal hemorrhage of the newborn may cause a sympotmatic
hypoglycemia but the condition is often fatal for other reasons.
III.

Factitious:
The injection of insulin by the patient or physician must, of course, be
included in a discussion of hypoglycemia. This cause is excluded by the term
spontaneous, however, it is necessary to consider this possibility in the
differential diagnosis. Hypoglycemic reactions due to the Sulfonylurea drugs
have been reported." Innocently erroneous insulin dosage must be considered in the diabetic who cannot read his syringe well because of retinopathy
or cataracts.
LABORATORY AIDES TO THE DIFFERENTIAL DIAGNOSIS
OF HYPOGLYCEMIA

The presence of hypoglycemia is determined by measuring the blood glucose
concentration. The finding of abnormally low blood glucose establishes only the
fact of hypoglycemia. However, the relationship of such a finding to certain events
is most important in arriving at a specific diagnosis. The glucagon test is in the
experimental stage" and is used mainly in the diagnosis of von Gierke's disease.
The tests of liver function are used frequently. The 6 hour glucose tolerance test as
described by Harris'" in 1936, is performed by giving the patient 1.75 grams of
glucose per kilogram of body weight in 250 cc. of water when in the fasting state.
A blood sugar is drawn before the test and at hourly intervals for 6 hours. A
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positive diagnosis of hypoglycemia is made if one of the samples contains less than
70 milligrams percent of glucose. When the test is positive at least 2 specimens
usually contain less than 70 milligrams percent.'" A modification of this test by
Abrahamson" consists in the patient having dinner at 6 p.m. and being furnished with
100 grams of glucose (for adults) in 250 cc. of water with lemon juice. The patient
sets his alarm for 4 a.m., drinks the solution and goes back to sleep. At 9 a.m. the
blood sugar is drawn. If there is less than 70 milligrams percent, a diagnosis of
hypoglycemia can be made. The glucose tolerance test as described by Albright et al."
is used to study the reaction to alimentary hyperglycemia and its chief value occurs
when an abnormal response is elicited, i.e., unresponsiveness to hyperglycemia (decreased sugar tolerance.) Hyperglycemia resistence (increased sugar tolerance) can
be looked for but the abnormality which such a finding suggests can be brought out
better, according to these workers, by another method. Albright et al. felt it better
to select a method which will bring out a weakness in a compensatory mechanism
rather than one which elicits an increased aptitude. However, great use is made of
this test. The insulin tolerance test according to Albright et al." has two purposes:
1) to measure the sensitivity of the blood glucose level to insulin, and 2) to ascertain
degree of responsiveness to insulin induced hypoglycemia. Insulin is given intravenously. Normally the serum glucose falls to about 50% of the fasting level at the
20 to 30 minute sample. Once the level of 50 milligrams percent has been obtained
the mechanism for responding to hypoglycemia should be stimulated and the blood
sugar should return to the fasting value in 60 to 100 minutes. There are two reactions
to look for: 1) insulin resistence, 2) hypoglycemia unresponsiveness (an absent or
delayed rise). The glucose — insulin tolerance test" in which glucose is given orally
and insulin intravenously has one purpose; to determine if the patient is unresponsive
to hyperglycemia. It is not used in the diagnosis of hypoglycemic states. Other laboratory methods will be discussed under appropriate headings.
Conn' advocates that in establishing the specific etiology of hypoglycemia it
first be determined if the hypoglycemia is 1) fasting, 2) stimulative or 3) both fasting
and stimulative. He would divide them as follows:
1. Fasting

2.

1)

hepatic, 2) anterior pituitary hypofunction, 3) adrenal-cortical
hypofunction, 4) CNS lesions, 5) fibroma and sarcoma, 6) severe
renal glycosuria.

Stimulative: (normal blood sugar until after carbohydrate imbibition) 1)
functional, 2) alimentary, 3) hyperinsulinism of infancy (StaubTraugott phenomenon).

3. Combined: 1) organic hyperinsulinism, 2) idiopathic spontaneous hypoglycemia of infancy, 3) factitious.
One should first investigate adrenal insufficiency, pituitary insufficiency, CNS
disease, alimentary hypoglycemia, lactation, renal glycosuria and factitious hyperinsulinism. I f the hypoglycemia is due to adrenal insufficiency, there will be a fasting
type of hypoglycemia; i.e., the symptoms will appear upon deprivation of food, be
present in the pre-breakfast zone and after exercise. There should be physical and
74

Hypoglycemia
laboratory evidence of Addison's disease, adrenal insufficiency, or virilism to make
the diagnosis. As confirmation the insulin tolerance test should show hypoglycemia
unresponsiveness. If hypoglycemia is due to pituitary insufficiency there will be other
findings, e.g., x-ray evidence of pituitary tumor, visual field deficits, evidence of
decreased thyroid activity or decreased growth.' An abnormal insulin tolerance test
confirms hypoglycemia unresponsiveness due to diminished ACTH production. In
primary hypothyroidism the insulin tolerance test shows diminished insulin responsiveness rather than increased." In the case of central nervous system disease,
neurological signs are usually present.
Ahmentary hypoglycemia is purely stimultive, occurring only post-prandially. There
will be an abdominal surgical scar and a history of abdominal surgery. The symptoms
usually follow the stimulus of meals and tend to be of the same pattern and severity.
This can be diagnosed with the knowledge of the type of operation performed and
proof that the hypoglycemia is purely stimulative.
If lactation is suspected as being the cause of hypoglycemia a remission at the
cessation of lactation may be expected. Then the patient will be seen to regain a
normal fasting blood sugar concentration.
In true renal glycosuria" there should be a fasting blood sugar below 100
milligrams percent and a normal or flat glucose tolerance curve. Glucose should be
present in every specimen of urine tested. In pseudo-renal glycosuria" the glycosuria
disappears when the blood sugar level falls toward 100 milligrams percent. A provocative test (fasting or insulin tolerance test) may be necessary to demonstrate this
and no suagr is found in the fasting urine. It is distinguished from alimentary glycosuria
since the latter occurs only when blood sugar level is high.
A history of insulin administration can often be obtained in cases of factitious
hyperinsulinism.' Symptoms vary depending on whether the reaction is due to crystalline or a depot insulin. With crystalline insulin there will be a sudden onset of
symptoms usually with extreme weakness 15 to 20 minutes after the injection of
insulin. Depot insulin produces a gradual and insidious onset of symptoms, manifasted
chiefly by headaches and changes of mood. The reaction occurs approximately 4 hours
or 8 to 24 hours after modified insulin. I f PZI is the causitive agent one must beware
of a recurrence of symptoms 3 to 4 hours after successful treatment by glucose
administration. Nocturnal hypoglycemia, as previously mentioned, is manifested chiefly
by difficulty in awakening.
The differential diagnosis of the hypoglycemic state usually centers about the
differentiation of functional hyperinsuHnism, organic hyperinsulinism or hepatic hypoglycemia. According to Conn' 80% of cases will be of these three types.
ORGANIC HYPERINSULINISM
The classical symptoms of organic hyperinsulinism are recurrent, and usually
begin insidiously. Periodicity of symptomatology is present and symptoms tend to
become more frequent and severe. Occasionally there may be sudden convulsive seizure
and loss of consciousness. A. O. Whipple established a triad of characteristics for
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the disease entity with few exceptions, the exceptions will be discussed. The triad'
consists of: 1) the attacks come on characteristically in the early morning during
the fasting period before breakfast or after severe mental or physical effort when
the hypoglycemia is present, 2) during attacks or after a fast of 12 to 24 hours the
blood sugar levels are always below 50 milligrams percent, 3) symptoms are completely relieved by administration of glucose by mouth or intravenously. The presence
of this triad is a prime requisite for the diagnosis of islet cell tumors.' However,
in 1944, Whipple reported himself wrong in the diagnosis in one out of five patients
fitting this triad. In 1952, Whipple' reported 87% diagnostic accuracy obtained
with these criteria.
Conn' has stated that 1) exploration is essential if there is a low blood sugar
during symptoms and there is relief of symptoms upon administration of glucose, 2)
there can be proven no extrapancreatic reason for the hypoglycemia, 3) if there is
a fasting blood sugar repeatedly below 50 milligrams percent with adequate diet and
below 40 milligrams percent on carbohydrate restriction, and 4) if the symptoms are
severe, progressive and are of short duration in a person passed middle age. With
these criteria 83% will be found to have a pancreatic tumor.' In functional hyperinsulinism the 15 hour fasting blood sugar is normal, in organic it is low. Hepatogenic
hypoglycemia has a fasting blood sugar that is also low. The glucose tolerance test
is useful in differentiating these entities; in functional hyperinsulinism the fasting
blood sugar is normal and there is a rapid fall to low blood sugar levels in 2 to
4 hours. In organic hyperinsulinism the fasting blood sugar is low and the glucose
tolerance test results in a low curve with a sharp fall in 2 to 5 hours. In hepatic
hypoglycemia there is a low fasting blood sugar and a hyperglycemic curve and a
fall to hypoglycemia in 4 to 7 hours. The organic type is made worse by exercise or
fasting; as is the hepatogenic type. The functional type is purely stimulative and
never occurs before breakfast but occurs after meals and is seen mainly in persons
under emotional tension and in environmental upsets.
McQuarrie's cases will be discussed at this point and should be distinguished from
the Staub-Traugott phenomenon which is a stimulative type of hypoglycemia due to
excessive sugar intake for a prolonged period of time.' McQuarrie did not postulate
alpha cell deficiency for idiopathic spontaneous hypoglycemia of infancy and childhood.
The symptoms are similar to those of tumor in the adult. There is a low fasting
blood sugar. The glucose tolerance test shows a sharp fall in blood sugar placing
this entity in the combined fasting and stimulative group. The condition subsides
with age. The reasons ordinarily given for operation in suspected tumor of islet
cells are: I ) there is a 9% incidence of malignancy; 2) obesity is common making
eventual surgery more difficult; 3) the danger to the central nervous system of uncontrolled hypoglycemia. However, because this condition subsides and because no
carcinoma has been reported under age 18 years' and since it shows good response
to medical treatment, surgery is not advocated in infants and young children. McQuarrie
feels that one cannot differentiate this condition from an islet cell tumor but there
is a highly favorable clinical response with normoglycemic levels and cessation of
symptoms upon administration of ACTH which he considers diagnostic of this entity.
The diagnostic value of the response to ACTH is limited by the fact that patients
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with pancreatic tumor, and some with von Gierke's disease, also respond favorably.
However, pancreatic tumors are extremely rare in this age group and McQuarrie felt
identical findings in an older group would suggest islet cell tumor. It has recently
been shown" that the adenocorticoid steroids can replace A C T H in the treatment of
this entity. McQuarrie found that 25 of a series of 40 cases of infantile hypoglycemia
fell into this category (idiopathic). Recently British workers"-'" have found this type
of case to fall into two subdivisions which are designated as either leucine sensitive
or leucine insensitive. Leucine sensitive patients do not become hypoglycemic when
fed a leucine free diet. The casein tolerance test may be used as a provocative test
to determine if leucine-rich casein will produce the characteristically abnormal hypoglycemic response. Further work on the leucine insensitive group" revealed that
some of the patients responded in an unexpected fashion to the adrenalin and glucagon
tolerance tests with supernormal responses. The circulating insulin level was high
normal. Not only did A C T H control the condition but a diminution in urinary catecholamines was found and thought perhaps to be due to mild adrenaline insufficiency
which would result in impaired glucose homeostasis.
A paient recently diagnosed at the Henry Ford Hospital (934084) exemplifies many of the
features of McQuarrie's disease. The patient, a white female, began having generalized seizures at
six months of age. The pregnancy and delivery were normal save for a maternal hemorrhage in the
fourth month. After age six months the child experienced numerous convulsive seizures, particularly
when infected, but at times without associated fever. During periods of anorexia, with or without
apparent infection, she would become "limp" and if feedings were not accepted convulsions would
ensue. It was noted that after the afternoon nap the baby was difficult to awaken and would become
alert only after a food was given. Convulsions also occurred during the night. The patient was often
drenched by perspiration, especially when "limp." She was most alert after eating and the symptoms
rarly occurred in less than four hours after eating. The patient was always quite placid and at 19
months had not begun to walk or talk. A grandmother had diabetes mellitus and an older male
sibling had febrile seizures as an infant. The paternal grandfather had to have his meals at carefully
timed intervals to prevent irritability. The patient had previously been hospitahzed but glucose metabolism had not been investigated. Electroencephalograms had been normal as were determinations of
the serum proteins, calcium and phosphorus. Phenylalinine metabalites were absent from the urine
and there were no reducing substances in the urine. An x-ray of the skull was normal. Numerous
anti-epileptic medications had been prescribed without success.
At 19 months of age a blood glucose was determined during a convulsion and the value was
36 mg. %. She was then rehospitalized. The patient was obese, weighing 26 lbs. She did not walk
or talk and was rather inert and hypotonic. Other than the placidity the physical examination was
normal. The protein bound iodine, serum protein electrophoresis, bone age, serum electrolytes and
tests of liver function were normal. An EEG again was normal. Repeated oral glucose tolerance
tests were performed and the results were fasting blood sugars that ranged from 30 to 90 mg. %.
The highest values appeared at V2 to U/i hours (172-234 mg. % ) and the lowest values were 20 mg.
% at 3'/4 and 39 mg. % at 6V2 hours. A casein tolerance test was attempted (1.5gm. per kg.) but
the patient vomited the gelatinous mixture. The bloods, however, were drawn and the glucose ranged
from 21 mg. % (before test material) to 54 mg. % at 1 hour and 32mg. % at 41/2 hours. Epinephrine
raised a fasting glucose of 50 mg. % to 108 mg. % at 15 minutes.
Prednisone was then administered (5 mg. every 8 hours) and convulsions disappeared. Blood
glucose was then determined at various times relative to meals and these were within normal limits.
The child was also placed on 20% protein feedings every four hours during the day. One month
after instituting the steroid the child was walking and had begun to talk. No seizures had occurred.
There were occassional episodes of limpness and perspiration — more easily alleviated by meals than
before. Triamcinalone was then used to obtain gluconeogenesis with less danger of steroid side-effects.
Three months later the child was romping about the home and had remained free from seizures. There
was occassional excessive perspiration. The mother had been furnished with glucagon for injection
in the event of alarming symptoms but the need had not arisen.
FUNCTIONAL

HYPERINSULINISM

Functional hyperinsulinism shows no tendency to progress in severity and there
are periods of complete remission, usually during a vacation or change in environment.'
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This is the most common cause of hypoglycemic attacks in the adult. The illness
usually occurs in a person subject to anxiety or in a person with emotional tension.
Clinically the attacks occur after meals and usually consist of symptoms of adrenergic
activity. Sugar alleviates the attacks but may cause another episode. One to three
hours after a meal the blood sugar is in the range of 20 to 50 milligrams percent.
The fasting blood sugar level is characteristically normal, it is low in the organic and
hepatogenic types. A glucose tolerance test will show a precipitous fall in blood sugar.
An insulin tolerance test or epinephrine or glucagon test will show normal glycogen
reserves. This type of hypoglycemia is purely stimulative and never occurs in the
fasting state.' The symptoms of hyper-adrenalism last about 15 to 20 minutes, occur
2 to 4 hours after a meal and loss of consciousness or convulsions are said never to
occur. This is not a progressive disease but the symptom picture varies with circumstances. The glucose tolerance test is pathognomonic' with a normal fasting blood
sugar and then a rapid and profound fall in blood sugar. If doubt remains as to the
vahdity of the assumption of a normal fasting blood sugar, a 36 hour fast may be
used' or one may give a high protein, high fat, low carbohydrate diet for 3 days, then
fast the patient for 36 hours. The patient should then be exercised to finally differentiate
the condition from organic hyperinsulinism for such provocation may prove the illness
also belongs in the fasting group. If a diagnosis of functional hyperinsulinism is made on
the above criteria including a characteristic glucose tolerance test one probably should
also diagnose an anxiety state.'
HEPATIC (hepatogenic) HYPOGLYCEMIA
Tumulty and Mellinkoff" state that there may not necessarily be overt evidence
of liver disease in hepatogenic hypoglycemia. However, when derangement of liver
function is responsible for hypoglycemia there is always laboratory evidence of liver
dysfuntion. These patients do not tolerate a diet low in carbohydrate. Thus, they
resemble the patient with an islet cell tumor. However, there is a striking difference
in the glucose tolerance curve for both show a low fasting blood sugar, but in hepatogenic disease there is a hyperglycemic curve with a fall to hypoglycemic levels 4 to
7 hours later. This is not changed by preparation with a high carbohydrate diet as
is sometimes the case with pancreatic tumors. I f a hyperglycemic response in the
presence of a pancreatic tumor is obtained, it is due to suppression of normal beta
cell activity by the functional nature of the tumor.' Testing should, if possible, always
be done after the patient has received a diet containing 15% protein, and 50%
carbohydrate for 3 days. With liver disease there is constantly a hyperglycemic,
hypoglycemic curve. I f the cause of hypoglycemia is viral hepatitis there will be improvement in the hypoglycemic state correlating well with the recovery of Hver
function. Hepatogenic hypoglycemia is often called "hepatic coma" and should be
suspected when a person with liver disease becomes comatose. It should be added
parenthetically that hepatic coma is a consequence of other mechanisms as well.
The characteristic glucose tolerance test in addition to laboratory evidence of other
liver function derangement makes the diagnosis.' Gross states that a normal epinephrine test producing hyperglycemia eliminates the liver as a cause of hypoglycemia."
von GIERKE'S DISEASE
This is a genetically determined metabolic defect and family history should be
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minutely investigated. Hepatomegaly is virtually universal. A diagnosis can be made
upon biopsy of the liver. Affected persons seldom survive to adulthood and this
does not usually enter into the differential diagnosis of adult hypoglycemia. However,
recently van Creveld" restudied two cases that were originally reported in 1928 and
1932. In both the liver was just barely palpable and the patients were healthy and
married and had produced offspring. The fasting blood sugars were on the low side
of normal and the blood glycogen had remained increased. In one a glucose infusion
gave a distinct plateau indicating a difficulty in glycogenesis and this was followed
by a rapid decrease to the prior fasting level. In both the epinephrine test was
abnormal. Acetone appeared in the urine after the epinephrine test. Van Creveld
commented that the glucose levels tended to become normal but biochemical abnormalities could still be detected. He felt that other metabohc pathways had been
utilized to handle the problem of glucose homeostasis. The hypoglycemia due to von
Gierke's disease can be distinguished from other forms of hepatogenic hypoglycemia
by the glucagon test in which 1 to 2 milligrams will elicit no rise in blood sugar. This
test is not yet generally used and in many hands the results have been quite equivocal."
However, the response to epinephrine gives some information as to the severity of
diminished functioning glycogen reserves. Injection of 0.3 milligrams should cause
a rise in sugar of 40 to 70 milligrams percent in one hour if there is no liver disease.
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